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Abstract: This review article presents a comparison between the old conventional methods of organic synthesis 

and greener methods taking into consideration principles of green chemistry as outlined by Paul Anastas et al.  

Green Chemistry research enables a more sustainable, pollution free future society. 
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I. Introduction 
We have been depending on Chemistry in every walk of life.  Most of the chemicals are subject to 

accidental spills or releases. Ignorance of safety standards and negligence has caused lot of environmental 

disasters. One of the worst Chemical disasters is Bhopal gas tragedy [1] due to leakage of methyl isocyanate 

where thousands of people died while sleeping and future generations had defects.  It was found that love canal 

was contaminated by toxic waste dioxin [2] by Hooker chemical which caused birth defects [3] and many 

anomalies like enlarged feet, hands and legs, miscarriages, epilepsy, asthma [4] and leukemia [5].  Sandoz 

chemical spill [6] into Rhine river caused tons of herbicides, fungicides, pesticides and dyes into river causing a 
large stretch of it red.  It was considered as Western Europe‟s worst environmental disaster in decade which 

caused thousands of dead fish & eels from the river after the incident and also officials in Germany and 

Netherlands shut water purification plants along the river leaving thousands of people without drinking water for 

days.  Release of lead dust into Esperance harbour poisoned children and killed thousands of birds. 

Today problem is not of manufacturing a product but of managing the waste associated with it.  Since 

toxic chemicals once created cannot be prevented from entering the environment during disposal or unforeseen 

conditions like accidents or natural disasters.  These wastes do not decay fast and result in polluting air, land and 

water.  Chemists are now using innovative techniques to develop new synthetic methods [7-13], reaction 

conditions [14], catalysts at molecular level to avoid generating toxins. 

Green Chemistry includes any chemicals process that improves the environment and the quality of life 

[12]. A pictorial representation of benefits of Green Chemistry is shown in Fig. 1. 

 

 
Fig. 1: Benefits of Green Chemistry. 

 

By using the principles of Green Chemistry [15], efficiency in organic synthesis can be attained.  Here 

I have compared old conventional method with new methods using principles of green and sustainable 

chemistry [16-18] like atom economy, E factor.  These principles are illustrated in different synthesis given 

below. 
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II. Reactions 
2.1 Multi Component Reaction – 3 Component coupling - Synthesis of Dihydropyrimidone based on 

following principles – 

 Safer solvents and Auxiliaries 

 Design for Energy Efficiency 

 Catalysis 

 

The combination of an aldehyde, a β-ketoester and urea under acid catalyst to give a 

dihydropyrimidone was 1st reported by Pietro Biginelli in 1893 and is referred to as Biginelli reaction [19]. This 

one pot condensation reaction generates dihydropyrimidones with pharmacological activity like antiviral, 

antibacterial [20] etc.  Earlier low percentage yield of the product was obtained and even the substrates were 

limited.  A lot of study has been done now and the reaction has been extended for a wide variety of substrates, 
solvents and acid catalysts. Recently, asymmetric methods [21-22] have been developed to give enantioenriched 

dihydropyrimidones. 

The scope of this reaction is there because of the biological importance of this class of compounds and 

multi component reactions are atom efficient. 

Difference between conventional method and green method [23-24] is that the conventional method 

requires conc. Sulphuric acid and is time consuming as it requires 18 hours to complete the entire process.  For 

work up, solvent is required. Green method doesn‟t require sulphuric acid and it does not require hazardous 

organic solvents nor does it require catalyst, it is completed in one hour.  Hence, both time and energy are saved 

and yield obtained is high. The chemical equations for conventional and green method of Biginelli reaction are 

shown in Fig. 2. 

 

 

Fig. 2: Biginelli Reaction. 

 
2.2 Radical coupling method for synthesis of 1, 1- Bis – 2 – Naphthol (BINOL) – It is an organic 

compound which is used as ligand for asymmetric synthesis [25], epoxidation and reduction [26].   

It is precursor of another chiral ligand called BINAP.  Conventional method has been replaced by greener 

method based on following principles of Green Chemistry – 

 Atom Economy  Design for Energy Efficiency 

 Safer Solvents and Auxiliaries  Catalysis 

 

Reaction is carried out between naphthol and ferric chloride which acts as oxidizing agent to give    

1,1- bis – 2 – naphthol.  Conventional method requires refluxing where as reaction by green method can be 

carried out at room temperature.  Thus by carrying out this reaction, energy is saved.  Reaction is performed 

with simple grinding at room temperature without any solvent, and for work up water is used as solvent which is 
readily available. Hence it is an efficient method [27]. The chemical equations for conventional and green 

method for synthesis of BINOL are shown in Fig. 3. 
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Fig. 3: Synthesis of BINOL. 

 

2.3 Transesterification Reaction: Synthesis of Biodiesel - In this experiment, diesel (fuel) is synthesized 

from vegetable oil [28].  It involves transformation of one ester into another type of ester which is known as 

transesterification reaction. It is catalysed chemical reaction and involves vegetable oil and alcohol to yield fatty 

acid alkyl ester i.e. biodiesel and glycerol. A chemical reaction related to synthesis of biodiesel is shown in   

Fig. 4. Methanol is commonly used due to its low cost [29].  It is based on following principles. 

 Less Hazardous chemical synthesis 

 Design for Energy Efficiency 

 Use of Renewable feed stocks 

 

 

 Fig. 4: Synthesis of Biodiesel. 

 

Biodiesel is an alternative fuel to standard fossil fuel. The main advantage is renewability of feed stock    

[30-31]. Biodiesel burns cleaner than regular diesel.  It reduces emissions of carbon monoxide and other 

hydrocarbons by 20 to 40%. 

But some disadvantages of this process are deforestation and food prices will increase. 

 

III. Conclusion 
Greener technologies are being developed by taking into consideration important factors of Green 

Chemistry like microwave irradiation [32-36], grinding of chemical substances and mixing of reactants by 
shaker.  By following green chemical research, problem of impact of chemicals on environment, health and 

society will be reduced making our earth a better place for living. 

 



Green Pathway for Life 

DOI: 10.9790/2402-09331619                                     www.iosrjournals.org                                             19 | Page 

References 
[1]. Varma, Roli; Daya R. Varma, "The Bhopal Disaster of 1984". Bulletin of Science, Technology and Society, 2005, 40. 

[2]. “Love canal:  The Truth Seeps Out” Reason magazine, Retrieved 2007-02-03. 

[3]. New Protections and Newly Discovered Threats 

[4]. Heroism Project – Lois Gibbs „Love Canal‟. 

[5]. The love canal Tragedy. 

[6]. Herbert Güttinger & Werner Stumm (1992)- An Analysis of the Rhine Pollution caused by the Sandoz Chemical Accident, 

Interdisciplinary Science Reviews 17 (2), 1986, 127-136. 

[7]. J.M. Khurana; P.K. Sahoo and G.C. Murkop, Synth. Commun., 1990, 2267.  

[8]. D.S. Krislol; H. Klotz and R.C. Parker, Tetrahedron Lett., 22, 1981, 407.  

[9]. T. Ando; J. Kuwate and T. Hanatusa, Synthesis, 1983, 637.  

[10]. J. Esquema and J. Alvarez - Bullis, J. Chem. Soc., Chem. Commun, 54, 1984.  

[11]. I. Mendez; G.C. Trigo and M.M. Solhumber, Tetrahedron Lett., 27, 1986, 3285. 

[12]. V.K. Ahluwalia and Renu Aggarwal, Organic Synthesis: Special Techniques (Narosa Publishing House, New Delhi, 2001, 116).  

[13]. J.T. Li, W.Z. Yang, S.X. Wang : S.H. Li and T., Shuang, Utransonics Sonochemistry, 9, 2002, 237.  

[14]. N. Takano, M. Ogata and N. Takeno, Chem. Lett., 1996, 85. 

[15]. P. Anastas and J.C. Warner, Green Chemistry: Theory and Practice (Oxford Science publications, Oxford, 1998).  

[16]. T. Collins, Towards Sustainable Chemistry, Science, 291, 2001, 5501.  

[17]. R. Sanghi, 'Better living through sustainable green chemistry, Current Science, 79, 2000, 1662.  

[18]. T.J. Collins, Green Chemistry (Macmillan, Encyclopedia of Chemistry, New York, 1997).  

[19]. Biginelli, P.; Gazz Chim.  Ital., 23, 1893, 360-416. 

[20]. Kappe, C.O.; Eur. J. Med. Chem., 35, 2000,1043 – 1052. 

[21]. Chen, X.-H., Xu, X.-Y., Liu, H.; Cun, L.-F.‟,Gong, L.-Z., J. Am Chem Soc., , 128, 2006, 14802 – 14803. 

[22]. B.C.Ranu, A. Hajra and S.S.Dey, Org. Proc. Res. Dev., 6, 2002, 817. 

[23]. Evangelos Aktoudianakis; Elton chan; Amanda R. Edward; Isabel Jarosz; Vickilee, Leo Mui; Sonya S. Thatipamala and Andrew P. 

Dicks., J. Chem. Educ., 86(6), 2009, 730. 

[24]. William F. Coleman, J. Chem. Educ., 86(6), 2009, 768. 

[25]. Scott, J. L., J. Am. Chem. Soc., 123, 2001, 8701-8708. 

[26]. Pandey, S.K., Synlett, 4, 2006, 3366-3367. 

[27]. A.I. Vogel, Textbook of Practical Organic Chemistry, (Fifth edition, 1989). 

[28]. F. Ma, M.A. Hanna, Bioresour. Technol., 1, 1999, 70. 

[29]. A. Demirbas, Energy Convers. Manage. 44, 2003, 2093. 

[30]. Yong Wang; Shiyi Ou; Pengzhan Liu; Feng Xue; Shuze Tang, Journal of Molecular Catalysis A: Chemical, 252,  2006, 107–112. 

[31]. J.E. Thompson, The Greener Education Material for Chemists Database. 

[32]. S. Deshayes, M. Liagre A. Loupy, J.L. Luche & A. Petit. Tetrahedron, 51, 1999, 10851.  

[33]. R.S. Varma, Microwaves in Organic Synthesis 181-218, (Wiley-VCH, New York, 2002).  

[34]. A. Stadler, C.O. Kappe, J. Comb. Chem., 3, 2001, 624.  

[35]. R.S. Varma, D. Kumar, Tetrahedron Lett., 40, 1999, 7665.  

[36]. R.S. Varma, D. Kumar, J. Chem. Soc., Perkin Trans., 1, 1999, 1755. 


